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2 (Semidefinite Programming :SDP)
SDP Vandenberghe $\mathrm{B}\mathrm{o}_{\mathrm{Y}}(1$ [5] . SDP
2
$\backslash 3$ . SDP [6], [7],
[ $8.\rceil$ .
SDP . $\Re^{n\cross\gamma\iota}$ $n\cross 7$’ , $S^{7l}$ $n\mathrm{x}n$
. $X,$ $Z\in\Re^{n\cross 71}$ , $X\bullet$ $Z$ $X$ $Z$ , , Tr $X^{T}Z$
( $X^{T}Z$ trace: ) . $X\succ O$ $X\in S’’$ , $u(\neq 0)\in\Re^{n}$
$u^{I}’ X\prime u’>0$ . $X\succeq O$ $X\in S^{n}$ .
$u\in\Re^{n}$ $u^{T}Xu\geq 0$ .





$\sum_{i=1}7?l$ biy.i$A_{i^{\bullet X=}}X\succeq oZ\succeq\zeta$
)
$.\cdot b_{i}(1\leq i\leq m),$
$\}$ (1)
$\sum_{i=1}^{m}Ai.yi+Z=C$ ,
, $A_{i}\in S^{n}(1\leq i\leq 7’?.)$ . (X, $y,$ $Z$ ) SDP
, $X$ $(y, Z)$
. , (X, $y,$ $Z$ ) SDP , $X$
( , $X\succ O$ ) , $(?./, Z)$
( , $Z\succ O$ ) .
2.1 SDP
, SDP . SDP (1)
. , SDP (1)
.
$\sum_{i=1}^{m}Aiyi+Z=C$ ,
$A_{i}\bullet x=b_{i}(1\leq i\leq 7n),$
$\}$ (2)
$X\succeq O,$ $Z\succeq O$ ,
$XZ=O$ .
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SDP , $\prime p$
. $P$ $\mu$
.
$P=](X,y” Z \grave{)}\sum^{)}’ A_{iy_{i}+}z=A_{i}(1\leq i\leq n17\iota\bullet x=|i),C,$ $[.$
(3)
1 $\lambda.\cdot\prime Z=/I(\mu>(\mathrm{J})\wedge\chi^{r}\succ \mathit{0}_{l^{\backslash }}?=1Z\Gamma\succ(J,$. $|$
$I\in S^{n}$ . $\mu>()$ , $P$ –
. , $P$ SDP
$\muarrow 0$ SDP [9].
SDP , $\oint l>0$





SDP – . Mehrotra [13]
, Mehrotra SDPA [3]
.
SDP
$0$ . $k=0$ , $X^{0}\succ O,$ $z^{0_{\succ O}}$ $(X^{0}, y^{0}, Z^{0})$ (
). .
1. $(X^{k}, y^{k}, Z^{k})$ , .
2. $(dX^{k}, dy^{k}, dz^{k})$ .
$(X^{k}+dX^{k}, y+dkk. zk)y+dZ^{k}\in P$
Newton .





$dX^{k}\in S^{n}$ . $dZ^{\mathrm{A}\cdot n}\in S$ . $dy^{k}\in R’n$ .





4. $k=k+1$ , 1 .




(4) $XZ$ . Newton .
, ($dX$ , $dZ$) .
, $\mathrm{H}\mathrm{R}\mathrm{V}\mathrm{w}/\mathrm{K}\mathrm{s}\mathrm{H}/\mathrm{M}$ [9-11] $\mathrm{N}\mathrm{T}$ [12] .
, $p_{i}=b_{i}-A_{i}\bullet$ $X,$ $D=C- \sum_{i}^{m_{1}}=yi-^{z},$ $K$$4_{i}\cdot=\{lI-^{xZ}$ .








$B_{ij}=xA_{i}Z-1\bullet A_{j}(1\leq i\leq\gamma rl, 1\leq j\leq m)$ ,
$s_{i}=p_{i^{-}}A_{i^{\bullet}}X(x^{-}1K-D)Z-1,$ $(1\leq i\leq\cdot m)$ .
$r\iota \mathrm{x}n$ $X,$ $n\cross n$ $Z^{-1}$ $\dagger?\cross m$. $B$ ,
$\mathrm{A}_{i}(1\leq i\leq m)$ $x,$
$z^{-\perp},$ $B$ .
$B$ $s$ $O(rnn3+m^{2}n^{2}),$ $o(n^{3}+\prime mn^{2})$
. - (5) $(dX, @, dZ)$
(Cholesky factorization) $()(m^{3}’+n^{3})$ .
$B$ $s$ $Bdy=s$ $\mathrm{H}\mathrm{R}\mathrm{V}\mathrm{W}/\mathrm{K}\mathrm{S}\mathrm{H}/\mathrm{M}$





$=Z^{-1/}2(Z1/‘ \mathit{2}xz1/2)^{1}/2z-1/2$ , (7)
,NT ($dX$ , , $dZ$) .
$Bdy=s,$




$B_{ijj}=WA_{i}W\bullet A(1\leq?,\cdot\leq\prime\prime \mathrm{t}, 1\leq j\leq m)$ ,


































1. SDPA $A_{i}$ $(\mathrm{d}\mathrm{e}\mathrm{n}\mathrm{s}\mathrm{e})_{\text{ }}$ (sparse)
.
2. SDPA $A_{i}$ .
3. $G_{0}$ $G_{1}$ ,
.




$(1 \leq i\leq m, 1\leq j\leq m)$ . B $B$ ( $i$ , , $T\in S^{n}$ ,
$U\in S^{n}$ . $\mathrm{H}\mathrm{R}\mathrm{V}\mathrm{W}/\mathrm{K}\mathrm{S}\mathrm{H}/\mathrm{M}$ $T=X,$ $U=Z^{-1}$ . $\mathrm{N}\mathrm{T}$
$T=U=W$ . $B$ , $B$ ,
$B_{ij}(1\leq i\leq j\leq m)$ .
$B$ , $A_{i}(1\leq i\leq m)$
.
(
), – , $A_{i}$
. .c , $A_{i}(1\leq i\leq m)$
( ) .
$A_{i}$ . $\Sigma$ (index) 1, 2, . . . , $m$
. ( , {1, 2, $\ldots$ , $\cdot m\}$ – – ). $\sigma\in\Sigma$








$B$ $B_{\sigma(j)\sigma(i}$ ) $=B_{\sigma(i)\sigma(j)}(1\leq i<j\leq m)$ .
$\sigma\in\Sigma$ $i\in\{1,2, \ldots, m\}$ , $B_{\sigma(i)\sigma(j)}(i\leq j\leq m)$ 3
.
$\mathcal{F}- 1$ : $F_{i}=A_{\sigma(i)}U$ ( $nf\sigma(i)$ ) , $M_{i}=T\sqrt i(n^{3}$
) . $j=i,$ $i+1,$ $\ldots,$ $\cdot m$ $B_{\sigma(i)\sigma(j)}=M_{i}\bullet$ $A_{\sigma(j)}$





$\mathcal{F}- 2$ : $F_{i}=A_{\sigma(i)}U$ ( $nf_{\sigma(i)}$ ) . $j=i,$ $i\dashv-- 1,$ $\ldots,$ $m$
,
$B_{\sigma(i)\sigma(j)}= \sum_{\alpha=1/\mathit{3}}^{n}\sum_{=1}7I[A\sigma(j)]_{(}1.\prime c’(_{\gamma=\iota}\sum^{7\iota}T[Fi\alpha\gamma]_{\gamma\beta)}$ ,
( $(n+1)f\sigma(j)$ ). , $B_{\sigma(i)\sigma(j)}(i\leq j\leq m)$
.
$nf_{\sigma(i)}+( \gamma\iota+1)\sum f’\leq.j\leq m\sigma(j)$
. (12)
F-3: $j=i,$ $i+1,$ $\ldots,$ $m$ ,
$B_{\sigma(i)\sigma(j)}= \sum_{\gamma=1\epsilon}^{n}\sum=17l(_{\alpha=}\sum_{1}^{7l}\sum_{i/=1}^{rl}[A(i\sigma)]_{\alpha}/f.T_{\alpha}U_{\beta\epsilon}\mathrm{I}\gamma[A_{\sigma(j\prime})]_{\gamma \mathrm{c}}$,
.
$((2f_{\sigma(i})+1)f\sigma(j)$ ). , $B_{\sigma(i)\sigma(j)}(i\leq j\leq m)$
.
$(2f \sigma(i)+1)i\leq./\sum_{\leq m}.f\sigma(j)$ (13)
, $A_{i}$ , $\mathrm{A}_{j}$ $\mathcal{F}- 1$ . $\mathcal{F}^{\cdot}- 3$ , –
$\iota$
F-2 $B_{ij}$ .
$A_{i}(1\leq i\leq m)$ ( )
. .
(i) $A_{i}(1\leq i\leq m)$ .
(ii) $.T$ $U$ $B_{i}$ ( ).
(iii)
.
, (11), (12), (13) , . $\mathcal{F}- k$
$(.k=1,2,3)$ .\acute $B_{\sigma(i)\sigma(j)}(i\leq j\leq m)$
$d_{ki}(\sigma)$ .
$d_{1i}( \sigma)=\kappa nf\sigma(i)+n+f3\mathrm{i}.\sum_{i.\leq j\leq?\gamma\iota}.f_{\sigma(}j)$ (11)
$d_{2i}( \sigma)=r\mathrm{b}nf_{\sigma}(i)+f_{\overline{\iota}}(n+1)\leq j\underline{<}|n\sum_{i}f\sigma(j)$ . (12)
$d_{3i}( \sigma)=\kappa(2\hslash f_{\sigma}(\dot{x})+1)\sum_{i\leq j\leq tn}f\sigma!j)$
. (13)
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$\kappa\geq 1$ , $\kappa$ $A_{i}(1\leq i\leq m)$
. $\kappa=1$ (11), (12), (13)
(11), (12), (13) – . SDPA , $A_{i}(1\leq i\leq m)$
, F-l, F-2, $\mathcal{F}- 3$
dki(\mbox{\boldmath $\sigma$}). . $\kappa$ ,
$\kappa=4.5$ .
$\sigma\in\Sigma$ ,
$d_{*i}( \sigma)=\min\{d1i(\sigma), d_{2\mathrm{i}}(\sigma), rl_{3i}.‘(\sigma)\}(1\leq i\leq n?,)$ , (14)
$d_{*}( \sigma)=\sum_{1\leq i\leq m}d_{*}i(\sigma.)$
. (15)
. $(i=1,2, .\cdot. . , rn)$ $ $‘ l_{*i}(\sigma)$ F-l, $\mathcal{F}- 2,$ $\mathcal{F}- 3$
$B_{\sigma(i)\sigma(j)}(i\leq j\underline{<_{\backslash }’}m)$
. , $d_{*}(\sigma)$ $B$ (10)
.
$d_{*}(\sigma)$ $\sigma\in\Sigma$ , $\mathcal{F}- 1,$ $\mathcal{F}- 2,$ $\mathcal{F}^{\cdot}- 3$ $B$
. (index : 1, 2, $\ldots,$ $l’?.$ ) .
,d*(\mbox{\boldmath $\sigma$}) $\sigma$ .
$A_{1},$ $A_{2},$
$\ldots,$
$A_{m}$ $f1,$ $f_{2},$ $\ldots,$
$f_{rr}t$ (index)
$\sigma$ $d_{*}(\sigma)$ .
1 (i) $\sigma^{*}$ $\sigma\in\Sigma$ $d_{*}(\sigma)$ ,
.
$f_{\sigma^{*}(1)}\geq f_{\sigma^{*}(2)}\geq$ .. . $\geq f_{\sigma^{*}(m)}$ . (16)
(ii) $\sigma^{*}\in.\Sigma$ (1 , $q_{1}\in\{0,1,2, \ldots, m\}$
$q_{2}\in\{q_{1}, q_{1}+1, \ldots, m\}$ .
$d_{2i}(d_{1i}d_{3i}(\sigma(\sigma^{*})\sigma^{*)}*\leq d_{2i\{_{\sigma^{*}},)}<d_{1}<d_{1}ii(\sigma^{*}\sigma^{*})^{d}d_{3}2)\zeta f_{1}i(ii\{_{\sigma)}^{\sigma^{*})}\sigma^{*}*\leq d_{3}\leq d_{3}<d_{2i}(ii(\sigma)(\sigma^{*})\sigma**)$ $q_{\mathit{2}}(\mathrm{J}<i\leq q1)q_{1}<i\leq q_{2}\text{ }<i\leq m\sigma_{\text{ }}.’\}$ (17)
[14] . 1 $d_{*}(\sigma)$
.
Combined Formula $\mathcal{F}-(*\kappa)$ : ( 1 )
Step $\mathrm{A}$ : $A_{i}(1\leq i\leq m)$ $f_{i}$ .
Step $\mathrm{B}:f1,$ $f_{2},$ $\ldots,$ $f_{m}$ (index: 1, 2. . . . , $rn$) (16).
$i=1,2,$ $\ldots,$ $m$ , $d_{1i}(\sigma^{*})(11)$ ’ $cf_{\mathit{2}i}‘(\sigma^{*})(12)$ ’ $d_{3i}(\sigma^{*})(13)$ ’ .
(17) $q_{1}\in\{0,1,2, \ldots, ?\mathfrak{l}7\}$ $q_{2}\in$ { $q_{1\}q_{1}+1,$ $\ldots$ , m}. .
Step $\mathrm{C}$ : $i\in\{1,2, \ldots, m\}$
$\bullet$ $0<\dot{i}\leq q_{1}$ , $\mathcal{F}- 1$ .
$\bullet$ $q_{1}<i\leq q_{2}$ , $\mathcal{F}- 2$ .





1: Combined Forrnula $\mathcal{F}_{-}^{*}(\kappa)$ $B$
4
SDPLIB 4 [6] SDPA
, SDPA .
SDPA $(\mathrm{v}\mathrm{e}\mathrm{r}5.\mathrm{t})),$ $\mathrm{c}\mathrm{s}\mathrm{D}\mathrm{p}(\mathrm{V}\mathrm{e}\mathrm{r}2.3)^{5}\backslash l\mathrm{s}_{\mathrm{e}}\mathrm{D}\mathfrak{U}\mathrm{M}\mathrm{i}(\mathrm{V}\mathrm{e}\mathrm{r}1.02)^{6}$ ,
$\mathrm{S}\mathrm{D}\mathrm{P}\mathrm{T}3(\mathrm{v}\mathrm{e}\mathrm{r}2.1)7$ .
1 4 CPU (sec.) iter .
DEC Alpha CPU 21164 $600\mathrm{M}\mathrm{H}\mathrm{z}$ ( lGbyte) . SDPA
. ( ) ( 4), $A_{i}$
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Ai $(\mathrm{i}=0,1, \ldots t792)$
$\mathrm{n}\mathrm{B}\mathrm{L}\mathrm{O}\mathrm{C}\mathrm{K}=2$ and $\mathrm{b}\mathrm{L}\mathrm{o}\mathrm{c}\mathrm{K}\mathrm{S}\mathrm{T}\mathrm{R}\mathrm{u}\mathrm{C}\mathrm{T}=$ $(645, -792)$
2: : ( ) $n=$ 1437, $m=792$
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